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ABSTRACT: Temporomandibular disorders (TMD) are part of a heterogeneous group 
of pathologies that manifest with a constellation of signs and symptoms.  They are 
the most frequent cause of chronic orofacial pain and are prevalent in 12% of the 
general population. Despite the debilitating nature of these disorders, there is no 
standardization for treatment of the diseased temporomandibular joint (TMJ). In this 
review, we present an overview of the functional anatomy of the TMJ and the engi-
neering concepts that must be understood to better understand the indications for 
surgical management, the types of available treatments and the requirements for 
reconstruction. A comparison is made of the clinical outcomes with autogenous 
versus alloplastic reconstruction, including a history of alloplastic materials and 
the design features of currently available implants. Emphasis is made on material 
selection, modulus, stiffness, notch sensitivity and modularity.  For the treatment of 
TMD, engineered TMJ alloplastic replacements have had considerable promise with 
additional room for improvement using new materials and recent design concepts.
KEYWORDS !"#$%&'&$()*+,-.('!/&+)0!1"2345!(..&%.(60+75!%'&608#0+75!('0+97+(.5!'#-
placement, arthroplasty, reconstruction, engineering
89.":4.;"<.11=>/.?@=?<=">4.AB@"7="C@@1=>>=@)
DC?2"E2??.
F2G2>2.?".H"IBC>52<"C?@"J=<.?>51A<52G="EA13=10K"F=/C15;=?5".H"EA1+
3=10K" <L2BB"M?2G=1>250K" .?51=CBK"N<K"-C?C@CK"D&L"%OPQ"R;C2B)"4C?2Q
>2??.S;C2BQ;<32BBQ<C
INTRODUCTION
" 94="5=;/.1.;C?@27ABC1"T.2?5"'9 !("2>".?="
.H"54=";.>5"C<52G="T.2?5>"2?"54="4A;C?"7.@0Q"942>"
A?2UA="V7CBB"C?@">.<W=5X"T.2?5"CBB.:>"H.1";.1="54C?"
#$$$"42?3="C?@">B2@2?3";.52.?>"/=1"@C0"2?"C<52G252=>"
>A<4"C>"5CBW2?3K">:CBB.:2?3K"C?@"W2>>2?3Q""9=;/.1.+
;C?@27ABC1"@2>.1@=1>"'9 F("C1="<A11=?5B0"54=";.>5"
/1=GCB=?5">.A1<=".H".1.HC<2CB"/C2?"C<<.A?52?3"H.1"%#"
/=1<=?5".H"54="C@AB5"/./ABC52.?"2?"54="M?25=@"E5C5=>"
'%K"#(Q"94=1="2>"C">51.?3"%$)%"H=;CB="/1=@.;2?C?<="
:254"54=";CT.1250"7=2?3"7=5:==?"=2345==?"C?@"H.150+
YG="0=C1>".H"C3="'%+&(Q"-.?3=?25CB"@0>;.1/42>;K"
51CA;CK".>5=.C1541252>K"14=A;C5.2@"C1541./C540K"C?+
W0B.>2>K"<.?@0BC1"1=>.1/52.?K"?=./BC>2CK"C?@"/1=G2+
ous failed reconstruction of the TMJ attribute to the 
@=G=B./;=?5".H"9 F"C?@"C1="2?@2<C52.?>"H.1"9 !"
1=<.?>51A<52.?"'PK"Z(Q"94="/1=>=?52?3">0;/5.;>"2?+
<BA@="4=C@C<4=>K"<4C?3=>"2?"54=";C?@27ABC1"1C?3="
.H";.52.?K"C?@"/C2?"'%K"*K",(Q"F=>/25="54=">23?2Y<C?5"
/>0<4.>.<2CB"2;/C<5".H"9 FK"54=";=54.@".H"9 !"
1=<.?>51A<52.?" 1=;C2?>" <.?51.G=1>2CBQ" -A11=?5B0K"
CA5.3=?.A>"C?@"CBB./BC>52<"T.2?5"1=/BC<=;=?5>"C1="
CGC2BC7B=Q"94="/A1/.>=".H"542>"1=G2=:"2>"5."@2><A>>"
the advantages and disadvantages of current TMJ 
1=/BC<=;=?5>" :254" C?" =;/4C>2>" .?" =?32?==12?3"
<.?<=/5>"C?@"HA5A1="2;/1.G=;=?5>Q"
TEMPOROMANDIBULAR DISORDERS
  Pathogenesis of degenerative TMJ diseas+
=>"2>"54.A345"5.".<<A1"H1.;"54="@2>=UA2B2712A;"/1.+
<=>>=>"2?G.BG2?3"<4.?@1.<05="/1.B2H=1C52.?K"@2HH=1=?+
52C52.?K"C?@"@=31C@C52.?Q"-.A/B=@":254"2?<1=C>2?3"
Engineering Alloplastic 
Temporomandibular Joint 
Replacements
DC?2"E2??.8K"[.A>>=H"9C4212K"
Mirko Gilardino, Dennis Bobyn*P #$%$ OBB./BC>52<"9 !"O1541./BC>50
2?\C;;C5.10";=@2C5.1>K"54="4CBB;C1W".H"9 F"2>"2?+
<1=C>=@"@=31C@C52.?".H"54="T.2?5"52>>A=Q"OB5=1=@";=+
<4C?2<CB"B.C@2?3K"H=;CB="4.1;.?=>K"C?@"CB5=1C52.?>"
2?"54="=]51C<=BBABC1";C512]".H"54="9 !"C1="54.A345"
5."<CA>="9 F"'^(Q"OB5=1=@";=<4C?2<CB"B.C@2?3"70"
=254=1"51CA;C".1"@2>5.15=@"HA?<52.?"<C?">A1/C>>"54="
4=CB2?3"<C/C<250".H"54="T.2?5"C?@"<CA>="211=G=1>27B="
@C;C3="'_K"%$(Q""
" 91CA;C52<"2?TA12=>"<C?"CB>."1=>AB5"2?"@=3=?+
=1C52G="<4C?3=>".H"54="9 !Q"-.;;2?A5=@"H1C<5A1=>"
.H"54=";C?@27ABC1"<.?@0B="C1="@2HY<AB5"5."51=C5"C?@"
<C?"B=C@"5."<41.?2<"/C2?"C?@"C?W0B.>2>Q"O">5A@0".H"
P$$"9 F"/C52=?5>"H.A?@"54C5"C"UAC15=1".H"54="<C>=>"
:=1="B2?W=@"5."C"51CA;C52<"=G=?5"'%%(Q"`42/BC>4"2?TA+
12=>">==;=@"5."7="=>/=<2CBB0"B2?W=@"5."54="@=G=B./+
;=?5".H"/C2?HAB"TC:"C?@"54="@=G=B./;=?5".H"@=BC0=@"
9 F">0;/5.;>"'%#K"%&(Q
" a?"C@@252.?"5.";=<4C?2<CB"=52.B.30K"3=?=52<"
/1=@2>/.>252.?"4C>"CB>."7==?"B2?W=@"5."9 !">0;/+
5.;>Q"94="4234"/1=GCB=?<=".H"9 F"2?":.;=?"4C>"
7==?" <.11=BC5=@" :254" =>51.3=?" C?@" /1.3=>5=1.?="
B=G=B>Q" a?" C@@252.?K" 54=" 2?5=?>250" .H" TC:" /C2?" 4C>"
7==?"C>>.<2C5=@":254"/.B0;.1/42>;>"2?"54="=>51.+
3=?"1=<=/5.1"'%*(Q"a?"C@@252.?"5."4.1;.?CB"2?\A=?<+
=>K"3=?=52<"/1=@2>/.>252.?"5."9 F"2>"CB>."/.>5ABC5=@"
5."CHH=<5"54="T.2?5"=]51C<=BBABC1";C512]"'%PK"%Z(Q"
" a11=>/=<52G=" .H" 54=" =52.B.30" .H" 9 FK" 54="
>0;/5.;>"<C?"7="@=GC>5C52?3"5."54="/C52=?5>">AH+
H=12?3"H1.;"54="@2>=C>=Q""-.?>=UA=?5B0K"54="3.CB>"
.H"9 !"1=<.?>51A<52.?">4.AB@"7="5.)"%Q"1=@A<="/C+
52=?5">AHH=12?3b"#Q"2;/1.G="T.2?5"HA?<52.?b"&Q"1=@A<="
@2>C72B250b"PQ"/1=G=?5";.172@250b"C?@"ZQ";C2?5C2?"C<+
<=/5C7B="51=C5;=?5"<.>5>"'%,(Q"9."7=55=1"A?@=1>5C?@"
how to achieve these goals, an understanding of 
54="9 !"C?C5.;0"C?@"HA?<52.?"2>"1=UA21=@Q"
ENGINEERING CONCEPTS OF THE TEMPORO-
MANDIBULAR JOINT
"" 94="9 !"<C?"7=">2;/B2Y=@"C>"C"V7CBB"C?@"
>.<W=5X"T.2?5Q"94=";C?@27ABC1"<.?@0B="V7CBBX"Y5>"2?5."
54="5=;/.1CB"7.?=";C?@27ABC1"H.>>C"V>.<W=5X"'c23+
A1="%(Q"a5"2>"<C/C7B=".H"7.54"1.5C52.?CB"C?@"51C?>BC+
52.?CB";.52.?Q"94="C72B250".H">B2@2?3".?"C"42?3="T.2?5"
2>"A?2UA="5."54="9 !Q""942>"CBB.:>"H.1";.52.?"2?"GC12+
.A>"G=<5.1"/BC?=>"2?G.BG=@"2?">/==<4K";C>52<C52.?K"
>:CBB.:2?3K"C?@"0C:?2?3"'&(Q"
" 942>"7CBB"C?@">.<W=5"B=G=1">0>5=;"4C>"C?"
C152<ABC1"@2><">=/C1C52?3"54=";C?@27B="C?@"54="5=;+
/.1CB"7.?=>Q"942>"CGC><ABC1K"2?>=?>C5=">51A<5A1="2>"
C55C<4=@"5."54="<.?@0B=";=@2CBB0"C?@"BC5=1CBB0"70"
<.BBC5=1CB"B23C;=?5>"'c23A1="%(Q"-C152BC3="2>"H.A?@"
on the bony surfaces in the TMJ allowing for the 
@2>>2/C52.?>".H">4=C12?3"C?@"H12<52.?CB"B.C@>"3=?=1+
C5=@"70"54="HA?<52.?CB"TC:Q"E0?.G2CB"\A2@"54C5"7C54=>"
the TMJ acts as a vehicle for nutrient delivery and 
:C>5="/1.@A<5"1=;.GCBQ"a5"CB>."C<5>"C>"C"BA712<C?5"
70"1=@A<2?3"54="<.=HY<2=?5".H"H12<52.?"C?@"54=">51C2?"
=?=130"'%^(Q
" cA?<52.?CBB0K"54="H.1<=>".H";C>52<C52.?"C1="
@2>5127A5=@"CB.?3"54=";C?@27B=Q"94="5=?>2B=">51=>>=>"
@=G=B./"C5"54=">25=>".H";C>>=5=1";A><B="C55C<4;=?5"
5."54="7.?=":42<4"C1="<.?G=15=@"5."<.;/1=>>2G="
stresses at the bite target. The forces are distrib+
A5=@"'\.:("541.A34"54=">52HH=>5"<.;/.?=?5>".H"54="
7.?="5."54="5C13=5"/.2?5Q"942>"2>"54="<.152<CB"/C15".H"
54=";C?@27B="1C;A>"C?@"7.@0Q"O5"54="5C13=5K"54="
5==54"C?@"C@TC<=?5"7.?="=]/=12=?<="54=";C]2;CB"
<.;/1=>>2G=" >51=>>Q" 942>" >51=>>" <.?52?A=>" 5." 2?+
<1=C>="C5"54="725="5C13=5"A?52B"54="3=.;=510".H"54="
target changes (cleaving or crushing). The contra+
BC5=1CB";C>>=5=12<">B2?3"3=?=1C5=>"H.1<="54C5"C<5>"5."
>5C72B2d="54=";C?@27B="H1.;"1.5C52.?Q"a?"C@@252.?"5."
542>"9 !"42?3=";.52.?K"54="<4=:2?3"C?@"312?@2?3"
.H"54="H.A?@"7.BA>"1=UA21="51C?>BC52.?CB"C?@">B2@2?3"
H.1<=>"2?"54="C]2CB"/BC?="3=?=1C5=@"70"54="/5=103.2@"
;A><B=>Q" O7=11C?5" ;=<4C?2<CB" B.C@2?3" 7=<CA>="
.H"51CA;C".1"=G=?"<4C?3=>"H1.;">.B2@"5.">.H5"@2=5"
Figure 1Q)O("eBC<W"C11.:"/.2?52?3"5."54="C?5=1.BC5=1CB"G2=:".H"54="
9 !"C>">==?".?"C"@1C:2?3".H"54="4A;C?">WABBQ"e("F1C:2?3".H"54="
B=H5"BC5=1CB"9 !".?"C"4A;C?">WABBQ""-("O"><4=;C52<".H"54="9 !"C>"
a hinge and sliding joint. D) Saggital section through the TMJ 
>4.:2?3"54=";=?2><A>"C?@"<C152BC3="7=5:==?"54=";C?@27B="C?@"
5=;/.1CB"7.?=>".H"54="9 !Q"R("94="TC:">2;/B2Y=@"C>"C"5421@"<BC>>"
B=G=1)"f=G=1)"54=";C?@27B="7.@0b"cAB<1A;)"54="9 !b"RHH.15)"H.1<="
3=?=1C5=@"70"54=";C>>=5=1";A><B=b"C?@"f.C@)"54="H..@"7.BA>Q"c("
F1C:2?3".H"C"BC5=1CB"G2=:".H"54="4A;C?">WABB"C>"C"5421@"<BC>>"B=G=1"
with a bite target as the load.*Z g.BQ"%&"h.Q"% -.3?252G="94=1C/0
<C?"<CA>="@=<1=C>=>"2?"54="542<W?=>>".H"54=";C?+
dibular  condylar  cartilage  and  subchondral  bone 
G.BA;=":42<4"<C?"7="1=G=1>=@":254"54="1=>5.1C52.?"
.H"?.1;CB"B.C@2?3"'_K%$K%_(Q"a?"C@@252.?K"54="H.1<=>"
3=?=1C5=@":254";C>52<C52.?"<C?"3=?=1C5="4234"T.2?5"
1=C<52G="H.1<=>".?"54="<.?@0BC1"<C152BC3=Q"O<<A;A+
BC52.?".H"C7?.1;CB"H.1<=>K"51CA;CK"C?@"CA5.2;;A?="
1=C<52.?>" <C?" :=C1" 54=" ?.1;CB"9 !" C?@" B=C@" 5."
9 FQ"942>"<C?"7="C"@=GC>5C52?3K"/C2?HAB">5C5="54C5"
/1=G=?5>"?.1;CB"TC:"HA?<52.?"C?@";C0"CB>."B=C@"5."
7.?0"1=>.1/52.?Q"9 !"1=<.?>51A<52.?">A13=10"<C?"7="
C?"./52.?"5."1=G=1>="54=>="<4C?3=>Q
RECONSTRUCTION OF THE TMJ
AUTOGENOUS
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